Increased incidence of distal humeral fracture surgery and decreased incidence of respective corrective osteotomy among Finns aged 0 to 18 years between 1987 and 2016: a population-based study by Salonen, A. et al.
Original Clinical Article
Increased incidence of distal humeral fracture surgery 
and decreased incidence of respective corrective 
osteotomy among Finns aged 0 to 18 years between 







Purpose Previous studies on paediatric and adolescent distal 
humeral fractures have reported an increase in surgical treat-
ment activity. This increase could be hypothesized to reduce 
the incidence of corrective osteotomies. The aim of this study 
was to determine the incidence and trends of the primary 
surgical treatment of distal humeral fractures and corrective 
osteotomies in children and adolescents.
Methods All Finns 18 years of age or younger who under-
went treatment for distal humeral fracture between 1987 and 
2016 were included in this population-based study. Surgical 
treatment data were obtained from the National Hospital Dis-
charge Register of Finland. In calculating annual surgery inci-
dence rates, the annual mid-year populations were obtained 
from the Official Statistics Finland. Surgical treatment was 
categorized into four groups; reposition and casting, osteo-
synthesis, external fixation and corrective osteotomy.
Results During the 30-year study period, 9017 surgical proce-
dures were performed in Finland with the primary or second-
ary diagnosis code being a distal humeral fracture. Of these, 
6961 (77.2%) were osteosynthesis and the incidence of os-
teosynthesis (per 100  000 person-years) increased fourfold 
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from 8.2 in 1987 to 34.1 in 2016. In the same 30-year study 
period, the total number of corrective osteotomies was low 
(151) with annual variation from one to 16. The incidence of 
corrective osteotomies (per 100 000 person-years) decreased 
sevenfold from 0.7 to 0.1.
Conclusion The incidence of surgical treatment with osteosyn-
thesis in distal humeral fractures increased fourfold in Finland 
between 1987 and 2016. During the same time period, the 
number of corrective osteotomies diminished significantly.
Level of Evidence: IV
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Introduction
Distal humeral fractures constitute up to 5% of all pae-
diatric and adolescent fractures, with a peak incidence 
at the age of four to eight years.1-3 Of these, supracon-
dylar fractures make up over 50% of the total, with an 
incidence of 308 per 100  000 person-years.1 Previously, 
we have  reported that both the incidence and primary 
operative treatment of these fractures have increased. The 
incidence of osteosynthesis (per 100  000 person-years) 
increased fivefold between 1987 and 2010 (from six to 30) 
in children younger than seven years, and twofold (from 
14 to 34) in children aged seven to 12 years.4
The complication rate in distal humeral fracture treat-
ment, in both conservative and surgical treatment, varies 
from 3% to 57%.5-7 The most recognizable permanent 
complications especially concerning supracondylar frac-
tures, i.e. cubitus varus and extension-type malunion, 
are caused by inadequate fracture reduction in the fron-
tal or sagittal plane.7-10 Although the sagittal plane defor-
mity may remodel in children younger than ten years by 
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up to 20°, the cubitus varus deformity has very limited 
remodelling capacity.10-12 Both types of malunions can 
result in permanent incomplete function of the elbow.13,14 
The decision for correction osteotomy is considered on 
an individual basis as there are no well-established indi-
cation criteria for the procedure.15 Correction methods for 
a malunited distal humeral fracture involve several types 
of wedge osteotomy as well as external fixation.16-19 The 
complication rate concerning late deformity correction is 
reported to be as high as 34%.15,20
Based on the findings of previous studies, the inci-
dence of surgically treated distal humeral fractures has 
increased.4 The aim of this population-based study was 
to determine whether the incidence of primary operative 
treatment with osteosynthesis is still increasing in Finland. 
We hypothesized that an increase, if present, could result 
in a decrease in the incidence of subsequent corrective 
osteotomies.
Material and methods
This study covered the entire paediatric and adolescent 
population (aged 18 years or younger) of Finland during 
a 30-year period between 01 January 1987 and 31 Decem-
ber 2016. Procedure codes concerning distal humeral frac-
tures were obtained from the statutory, computer-based 
National Hospital Discharge Register of Finland (NHDR). 
The register, founded in 1967, collects information from all 
hospital categories, including public, private and military 
hospitals. The NHDR contains data on the age, sex and 
domicile of patients as well as length of hospital stay, pri-
mary and secondary diagnosis and operations performed 
during the hospital stay. The validity of the NHDR is excel-
lent with respect to both the coverage and accuracy of the 
database.21-23
The main outcome variable in this study was the num-
ber of surgical procedures with a main diagnosis of a distal 
humeral fracture. During the study period, the diagnosis 
and procedure codes changed from International Classi-
fication of Diseases (maintained by WHO) (ICD)-9 (from 
1987 to 1996) to ICD-10 (from 1997 to 2016). The distal 
humeral fracture diagnoses used in this study were 8124A 
and 8125A (ICD-9 codes) while in ICD-10 coding, S42.4 
was used. The procedure codes included reposition and 
casting (ICD-9 codes 9123, ICD-10 code NBJ41), osteo-
synthesis (ICD-9 code 9128, ICD-10 code NBJ64), external 
fixation (ICD-9 code 9130, ICD-10 code NBJ70) and correc-
tive osteotomy (ICD- 9 code 9112, ICD-10 code NBK30). 
For further analysis, patients were classified into three age 
groups: 0 to 6 years, 7 to 12 years and 13 to 18 years.
To calculate the incidence rates of different procedures, 
the annual mid-year population of Finland was obtained 
from the Official Statistic of Finland, an electronic national 
population register.24 Statistical analysis was performed 
using IBM SPSS Statistics version 25 (SPSS,Chicago, IL, 
USA). Thus, the incidence figures were the true final results 
of the entire adolescent population in Finland rather than 
cohort-based estimates with sampling variability and, 
therefore, 95% confidence intervals were not calculated.
Results
During the 30-year study period, a total of 9017 surgi-
cal procedures related to distal humeral fractures were 
performed. Surgery was more common among boys 
(n = 5238; 58%) than girls (n = 3779; 42%). The trends in 
primary surgical procedures are presented in Figure 1. The 
incidence of reposition and casting remained at a steady 
level, the incidence of osteosynthesis clearly increased and 
the incidence of corrective osteotomies decreased (Fig. 1). 
Altogether, 1857 (21%) reposition and casting procedures 
were performed during the study period, with a slight fall 
in incidence from 6.2 to 4.2 per 100  000 person-years. 
The incidence decreased most in children aged seven to 
12 years, from 8.8 to 4.9 per 100 000 person-years. Exter-
nal fixation procedures were performed 48 (0.5%) times 
on 22 girls and 26 boys during the study period. The inci-
dence of external fixation was thus very low, as the peak 
incidence in children aged 0 to six years was 1.1 per 100 
000 person-years in 1997.
The incidence of osteosynthesis and corrective osteotomy
During the study period, a total of 6961 (77%) osteosyn-
thesis procedures were performed on 4138 (59%) boys 
and 2823 (41%) girls. The total incidence of osteosynthe-
sis increased fourfold from 8.2 to 34.1 per 100 000 per-
son-years (Fig. 2). In the oldest age group, adolescents 
Fig. 1 The incidence of osteosynthesis, casting and corrective 
osteotomy among girls and boys aged 0 to 18 years between 
1987 and 2016.
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aged 13 to 18 years, the incidence remained steady by time 
with a mean incidence of 9.2 per 100 000 person-years, 
while the incidence of osteosynthesis increased in the two 
younger age groups. In children aged 0 to six years, the 
incidence (per 100 000 person-years) rose almost eight-
fold, from 5.8 in 1987 to 44.6 in 2016, and in children 
aged 7 to 12 years, the incidence rose almost fourfold, 
from 13.4 to 48.4, respectively.
The total number of corrective osteotomies performed 
during the 30-year study period was 151 (81 boys, 
54% and 70 girls, 46%). The incidence of osteotomies 
decreased sevenfold from 0.7 per 100 000 person-years 
to 0.1 per 100 000 person-years (Fig. 3). The incidence of 
osteotomies was highest in the two oldest study groups. 
In adolescents aged 13 to 18 years old, the incidence 
ranged from 1.6 per 100 000 person-years in 1987 to 0 
per 100 000 person-years in 2016. In children aged seven 
to 12 years old, the incidence ranged from 1.5 per 100 
000 person-years to 0 per 100 000 person-years over the 
same period.
Discussion
The study described the incidence and trends of primary 
surgically treated distal humeral fractures and corrective 
osteotomies among children and adolescents aged 0 to 
18 years in Finland between 1987 and 2016. The main 
outcome was that the overall incidence of osteosynthesis 
increased while simultaneously the incidence of corrective 
osteotomy decreased.
Based on the study by Mäyränpää et al,25 the total inci-
dence of paediatric upper-extremity fractures in  Finland 
increased 39% between 1983 and 2005. Moreover, 
 Helenius et al26 reported that the hospitalization of upper- 
extremity fractures in Finnish children increased by 23% 
(and surgical treatment by 30%) between 1997 and 2005. 
In our earlier study concerning the surgical treatment of 
distal humeral fractures, the incidence of primary osteo-
synthesis increased markedly in children younger than 
13 years: a fourfold increase in children younger than 
seven years (from six per 100 000 person-years to 30 per 
100 000 person-years) and a twofold increase in children 
aged seven to 12 years (from 14 per 100 000 person-years 
to 34 per 100 000 person-years) between 1987 and 2010.4 
Comparing these results with those in the present study, 
it seems that the incidence of osteosynthesis is still increas-
ing in patients younger than 13 years.
Upper-extremity fractures account for nearly 70% of all 
childhood fractures and supracondylar fracture is the most 
common fracture in the elbow region.1,2,26 To date, there 
have been several studies concerning supracondylar frac-
tures treated operatively with closed reduction and osteo-
synthesis with Kirschner-wires.8-10 Although the outcome 
of fractures treated with osteosynthesis is reported to be 
good, as judged by Flynn’s criteria and Baumann’s angle, 
both closed and open operative techniques are demand-
ing with an increased risk of iatrogenic ulnar nerve injury, 
soft-tissue infection and loss of reduction.27-33 Cubitus 
varus and valgus malunion after insufficient reduction are 
often permanent and may require later correction osteot-
omy as the function of the elbow remains inadequate.7-10 
In the studies by Pham et al (2017)34 and Spencer et al 
(2012),35 Blount’s method (reposition and immobilization 
with collar and sling without osteosynthesis) was reported 
to be an effective and safe method for even Gartland 
types II, IIB and III supracondylar fractures. Although the 
functional results in these studies were mainly good, the 
Fig. 2 The incidence of osteosynthesis among girls and boys 
aged 0 to 18 years between 1987 and 2016, showing three age 
groups.
Fig. 3 The incidence of corrective osteotomy among girls and 
boys aged 0 to 18 years between 1987 and 2016, showing three 
age groups.
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reported complications, such as secondary displacements 
and cubitus varus, were reported. In the study by Vallila 
et al (2015),28 the overall complication rate was 1.4%. The 
study comprised all treated fracture types, i.e. supracon-
dylar, lateral condylar and epicondylar fractures. Of the 
reported complications, 63% were related to supracon-
dylar fractures, and, of these, 30% were malunions lead-
ing to osteotomy. All these fractures were primary treated 
equally with either reposition and casting or closed or 
open osteosynthesis.
The decision to perform an osteotomy is always made 
on an individual basis, and when performed, the patient 
often requires longer follow-up.15 There have been several 
studies concerning different techniques for late osteoto-
mies.17-19,36. In a systematic review by Solfelt et al (2014),15 
40 studies of corrective osteotomies were evaluated. Four 
principal osteotomy techniques were identified: dome, 
lateral wedge, distraction osteogenesis and complex oste-
otomies. All the techniques were equal when they were 
compared for effectiveness and safety with overall compli-
cation rate 14.5%.
To the best of our knowledge, the incidence of distal 
humeral osteotomies has not previously been recorded. 
Based on the results of our current study, the incidence 
of osteotomies performed is very low and it decreased 
remarkably during the study period, whereas the inci-
dence of osteosynthesis increased.
The strength of this present study is the use of data 
from the Finnish NHDR, which has provided a very good 
database of surgical procedures for 30 years. Moreover, 
the accuracy and coverage of the Finnish NHDR data are 
reported to be excellent.21-23
In addition, treatment has been equally accessible for all 
Finnish citizens and treatment methods are standardized.
A limitation of this study is the lack of separation 
between supracondylar, lateral condylar and medial epi-
condylar fractures as they are classified under the same 
ICD-9 and ICD-10 codes. Additionally, the procedure 
codes are equal to all fracture types. Further, the incidence 
reported in our study is based on all procedure codes indi-
cating that individual patients and their procedure could 
not be identified and matched.
To summarize, the incidence of osteosynthesis of dis-
tal humeral fracture in Finnish children is increasing along 
with a subsequent decrease in the incidence of corrective 
osteotomy. The increasing incidence of osteosynthesis 
can be explained by the awareness of long-term compli-
cations. Distal humeral fractures, especially supracondylar 
fractures, require a precise and stable position to prevent 
permanent malunion because the remodeling potential 
of this fracture is very limited. Also, the development of 
children’s anaesthesia, pain managements and operative 
technique as well as an overall increased trend favouring 
surgical treatment may have also increased the  incidence 
of osteosynthesis as the primary method of choice. A 
causal relationship between the increased incidence of 
primary osteosynthesis and corrective osteotomies is pos-
sible, although difficult to establish and needs further pro-
spective randomized controlled trials.
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